The first two-tonle measurements of third-order intermodulation in a wide-band (1-18 GHz) optical downconverter utilizing cascaded MachZehnder modulators are presented. Intermodulation originates in the RF modulator and is downconverted along with the fundamentals to intermediate frequencies (IF). The third-order intercept in the IF band is measured and agrees well with theory.
INTRODUCTION
Photonic links (PLs) are advantageous in microwave transrnidreceive systems for both remote and multi-octave operation due to low frequency-dependent and incremental loss, lowweight flexible harnessing, immunity to electromagnetic interference, and large bandwidth. In the receive mode, heterodyning via cascaded Mach-Zehnder modulators (MZMs) can greatly increase sensitivity over the basic PL. Photonic downconverters have been demonstrated witlh noise figures as low as 12 dB and minimum detlectable signals (MDS) as low as -162 dBm/Hz over many octaves (2-18 GHz) [l] . The use of Erbium-doped fiber amplifiers (EDFAs) and high-current photodetectors with balanced detection for shot noise-limited performance allows for even greater conversion efficiency [2-41. I n addition to remoting and bandwidth capability, the high RFLO isolation of the MZM-based downconverter makes it an attractive alternative to conventional microwave diode-based mixers.
Even with single-octave receiver bandwidths, third-order intermodulation products are detrimental to spur-free dynamic range (SFDR) because they lie only Am = q-O, from the desired outputs
The "distortionfree" power-handling capability of the link is characterized by the third-order intercept POI) power, the intersection of the small-signal fundamental and third-order spurious outputs. Although TOIs have been explored in a single modulator [5-71, such distortion has not been examined in the dual-MZM configuration; nor has optical amplification been taken into account. It can be shown, using the microwaveoptical modulator transfer characteristics, that the output TO1 of the photonic downconverter is simply that of the basic RF link times the additional small-signal (SS) conversion gain due to the LO modulator. Specifically:
where i is the quadrature photocurrent, RL is the line impedance, PLO is the input LO power, and VR is the MZM switching voltage (at the LO frequency). Thus, the signal-to-interference ratio is preserved rather than degraded by the LO. The output TO1 can be enhanced by increasing i, increasing PLO, or decreasing Vn; under shot noise-limited conditions, these will thereby increase SFDR.
SYSTEM CONFIGURATION
The fiber optic downconverting system is shown schematically in Fig. 1 . A 25 mW distributed feedback laser (DFB) is fusion spliced to a MZM driven by a LO input of +15 dBm. The intensity-modulated optical output is then amplified by an EDFA containing a Faraday mirror and polarizing beam splitter to maintain polarization. This modulated power is then fed into a second MZM driven by a two-tone RF input. Both MZMs are maintained at quadrature. Microwave-optical mixing in the second MZM results in an intensity-modulated signal containing the RF and LO signals, upconverted and downconverted signals, thirdorder mixing terms, and odd harmonics of the inputs. The photodetector pair handles higher current for enhanced conversion gain. Since the detector 3 dE3 bandwidth is less than 2 GHz, the LO was tuned to provide IF'S below 500 MHz. Finally, a spectrum analyzer scans the detected IF output along with the third-order distortion (TOD). The isolators provided greater than 20 dB of isolation and RF inputs were chosen such that TOD due to the microwave preamplifier would lie outside the input filter bandwidth so as to introduce distortionless tones to the MZM. 
RESULTS AND DISCUSSION
The electrical output of the PD following the cascaded modulator pair consists of the two IF frequencies -along with TOD terms 1% k 12qF1,2-qE,111 [8] . All other components of the intensity modulation are effectively filtered by the PD response. Two different RF input frequencies (1 and 17.5 GHz) were tested for the down-converted signals as well as the corresponding TOD terms. Figure 2 shows down-converted frequencies along with the TOD products using a LO frequency of 17.5 GHz and a RF two tone frequency of 17.34 and 17.341 GHz respectively. The resulting downconverted signals of 160 MHz and 159 MHz respectively, and TOD terms at 158 MHz and 161 MHz are observed. For measurement accuracy, as well as providing input filtering, a tone offset greater than 1 MHz was used for all measurements presented. Figure 2 is provided to illustrate the system operation.
The measurement results for the third-order intercepts (TOI) at different frequencies are compared to theory [4-71 in Fig. 3 . The modulator Vn is adjusted slightly in calculating the theoreticalTOI(-16V-24Vfor 1-17.5 GHz) since the measured Vn does increase slightly with frequency. The Vn used in the theoretical calculation was derived from the measured gain spectrum of a single modulator. All measurements used a LO drive level of +15 dBm and a detector current of 10 mA. Excellent agreement is observed in the results. 
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Figure 2: Spectrum analyzer trace of downconverted signal along with third-order distortion products.
Much lower conversion loss can be achieved by increasing the detector current as well as by increasing the LO to the maximum allowed (+27 a m ) . Table 1 shlows the measured TO1 for different MZM LO and RF input frequencies as well as the Vz of rhe modulator at that frequency. 
CONCLUSION
In conclusion, the first measurements of two-tone third-order modulation distortion products in a wide-band (1-18 GHz) optical downconverter are presented and agree with the theoretical calculations. Microwave-optical mixing enhances sensitivity and bandwidth in receiver systems.
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